esp@cenet document view 





1/1 ^— 



LIGHT EMITTING DIODE 



Publication number: 
Publication date: 
Inventor: 
Applicant: 

Classification: 

- international: 

- European: 
Application number: 
Priority number(s): 



JP8264833 
1996-10-11 
CHtlPIN KUO 
HEWLETT PACKARD CO 

H01L33/00; H01L33/00; 0PC1-7): H01L33/00 
H01L33/00C4D3C; HOI L33/00G3B2 
JP1996001 9586 19960206 
US1 9950401 543 19950310 



Also published as: 

EP0731512 (A2) 
EP0731512 (A3) 



Report a data error here 



Abstract of JP8264833 

PROBLEM TO BE SOLVED: To attempt improving of 
crystal quality by having a first lattice constant 
comprised of nitrous indium and gallium compound, a 
buffer layer with a first indium containing volume and a 
second lattice constant and a second indium upper 
layer and by specifying a difference of the first and the 
second lattice constants. SOLUTION: Increasing of 
indium containing volume in a DH construction 16 is 
made possible by introducing indium into a buffer layer 
12. A difference of indium containing volume in the 
buffer layer 12 and indium containing volume in an 
active layer 16A Is preferable less 20%. As a result a 
lattice constant of the DH construction 16 matches 
better with a lattice constant of the buffer layer 12. 
When the indium containing volume in the active layer 
16A becomes equal to the indium containing volume in 
the buffer layer 12. the lattice constants match better. If 
the difference of the lattice constant in the buffer layer 
12 and the lattice constant in the DH construction 16 
can be reduced less than a tolerance of ± 0.5%, crystal 
quality of the DH construction 16 can be improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CCIaim(s)] 

[Claim 1] Light emitting diode which has an up layer on silicon on sapphire, the buffer layer which consists of indium nitride 
gallium compounds and has the 1st lattice constant and the 1st indium content, and which was formed on said silicon on 
sapphire, and said buffer layer which consists of gallium nitride indium aluminium compounds, and has the 2nd lattice 
constant and the 2nd indium content and is characterized by the difference of the 1st lattice constant and the 2nd lattice 
constant being less than 0.5%. 

[Claim 2] Light emitting diode according to claim 1 characterized by said buffer layer thickness being 5nm - 500nm. 
[Claim 3] Light emitting diode according to claim 1 characterized by being grown up at the temperature said whose buffer 
layer is 4O0 degrees C - 950 degrees C. 

[Claim 4] Furthermore, light emitting diode according to claim 1 characterized by preparing a rearrangement reduction 
layer between said buffer layers and said up layers in order to absorb the difference of the 1st lattice constant and the 
2nd lattice constant. 

[Claim 5] Light emitting diode according to claim 4 characterized by said rearrangement reduction layer being a distortion 
superstructure [claim 6] Light emitting diode according to claim 4 characterized by being the linearity inclination structure 
where said rearrangement reduction layer consists of alumimium nitride gallium indiums. 

[Claim 7] Light emitting diode according to claim 1 characterized by the difference of said 1st and 2nd indium content 
being less than 20%. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the alumimium nitride gallium indium compound semiconductor device 

used for the structure of laser and a luminescence device like LED. 

[0002] 

[Description of the Prior Art] A gallium nitride (GaN) compound emits light on the wavelength of the range of green and 
blue of the light Since it is difficult to grow up the gallium nitride of a single crystal, a commercial GaN substrate cannot 
be used for the epitaxial growth of the device of the GaN base. Now, epitaxial growth of the luminescence device (LED) of 
a great portion of GaN base is carried out on silicon on sapphire. Growth of the epitaxial layer of the GaN base of the high 
quality on silicon on sapphire is difficult because of the difference of the lattice constant between silicon on sapphire and 
the semi-conductor of the GaN base. Furthermore, it is almost impossible to obtain p type with high conductivity for the 
combination of the background concentration level of high n types and the doping activity of low p types. Although the 
concept of a basic heteroj unction device was fully understood over many years, development of LED which gives off the 
light of green and blue according to such difficulties using efficient heteroj unction laser and an AIGaInN ingredient system 
suffered a setback. 

[0003] When the importance of a researcher growing up GaN or an AIN buffer layer at low temperature in the 1980s was 
discovered, LED of the GaN base wh ere effectiveness is high became possible. By growing up a buffer layer on silicon on 
sapphire at low temperature, the gestalt of the GaN layer grown up succeedingly is improved, and the n type background 
concentration level of a GaN ingredient falls. Conductive p type GaN growth became easy by connecting growth post 
heating-annealing for activating p type dopant, or a low energy electron beam exposure to this. By such technical 
progress, progress of the device development of the AIGaInN ingredient system for optoelectronics and other applications 
was accelerated sharply. 

[0004] In order to raise the quality of a GaN ingredient and to obtain the efficient blue luminescence LED, the semi- 
conductor (in U.S. Pat No. 5,122.845. it teaches by MANABE etc.) by the advanced technology equipped with the AIN 
layer is shown in drawing 1 . Another semi-conductor (in U.S. Pat No. 5,290,393, it teaches by Nakamura) by the advanced 
technology which is the same purpose, however equipped drawing 2 with AlxGa1-xN (0< x<1) aiming at efficient green LED 
is shown. However, the same problem as any approach is produced. 

[0005] One of the main problems is the color purity of such LED. To human beings eye which consists of the large 
ultraviolet wavelength and visible wavelength of a spectrum, a whitish color generates both the examples about the 
advanced technology by LED. Furthermore, if an eye is exposed to strong UV light for a long time, damage may be 
produced to an eye. Therefore, its color is impure, and since such LED is not safe, either, it is unsuitable for many 
applications. 

[0006] I hear that the content of an indium is restricted to less than 25%, and the thickness of a Gal-x InxN barrier layer 
is restricted to less than 200nm by the ingredient chosen for the buffer layer, and there is the 2nd trouble about the 
advanced technology. This is because generating of the mismatching rearrangement in a heteroj unction interface is 
avoided and the effectiveness of a device can be maintained. The mismatching rearrangement is harmful to the engine 
performance of laser and a photon device like LED. As a result since the energy range which can align the band gap of a 
barrier layer is proportional to the content of an indium, this device is limited to the thin bent Gal-x InxN barrier layer 
which restricts a bands recombination process. Luminescence produced as a result of the recombination process of a 
donor acceptor pair of this LED is not the color range of a visible spectrum. Since blue and a green light are generated, 
when being used, the spectral band width of the recombination of a donor acceptor pair is very wide as compared with the 
recombination between bands, and is inefficient-like. 

[0007] It asks for efficient LED by the insurance which emits the light of the visible range, without restricting the 
thickness or the indium content of an AlyGal -x-ylnxN duplex hetero structure layer. If it is possible to use the duplex 
hetero structure of a barrier layer more efficiently in order to enable it to apply to the luminescence device of practical 
marketing, it is desirable too. 
[0008] 

[Summary of the Invention] By growing up the compound semiconductor layer of the AlyGal -x-ylnxN base on silicon on 
sapphire, it is possible to obtain the light emitting diode (LED) whose blue light is a high emission light of effectiveness. 
The barrier layer which consists of duplex hetero (DH) structures of AlyGal -x-ylnxN is formed in the Gal-x InxN buffer 
layer grown up at low temperature in piles. Since DH structure and the indium content of a buffer layer are the same, the 
lattice constant of DH structure of them is the same as that of a buffer layer. Since it prevents the rearrangement of a 
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buffer layer spreading to the barrier layer of DH structure, it is possible to choose and insert the rearrangement reduction 
layer which can be considered as the superstructure which contains either the distortion layer of an AlyGa1-x-yInxN alloy, 
a non-distortion layer or the linearity inclined layer of an AlyGa1-x-yInxN alloy between a buffer layer and DH structure. 
[0009] If an indium is added into an alloy, since the recombination process and this distortion barrier layer of a donor 
acceptor pair will no longer be used as a result, it becomes possible to raise further the effectiveness of LED of DH 
structure of AlyGa1-x-yInxN for a light application. The color purity of LED which used blue and green AlyGal-x-ylnxN as 
the base also improves. 
[0010] 

[Example] Drawing 3 is a sectional view about the example of the semi-conductor structure 10. The buffer layer 12 which 
consists of buffer layers of a gallium nitride indium compound semi-conductor is formed on silicon on sapphire 14. DH 
structure layer 16 containing barrier layer 16A of a gallium nitride aluminum indium compound semi-conductor is formed in 
the buffer layer 12 in piles. 

[0011] Although the buffer layer 12 which consists of Ga1-x InxN (0<x<=1) is the growth temperature of the range of 400 
degrees C - 950 degrees C and is directly formed on silicon on sapphire 14, the thickness of a buffer layer 12 can be 
changed among 5-50nm. Growth temperature becomes low, so that growth temperature changes proportionally the indium 
content of a buffer layer 12, and directly and an indium content increases. DH structure layer 16 which consists of 
AlyGal-x-ylnxN (0<x1;0y<1) is formed in a buffer layer 12 in piles at the growth temperature of the range of 700 degrees 
C - 1050 degrees C. 

[0012] By introducing an indium into a buffer layer 12, it becomes possible to increase the indium content of DH structure 
layer 16. Less than 20% of the difference of the indium content of a buffer layer 12 and the indium content of barrier layer 
16A is desirable. As a result, the lattice constant of DH structure layer 16 will be acUusted as better as the lattice 
constant of a buffer layer 12. If the indium content of barrier layer 16A becomes equal to the indium content of a buffer 
layer 12, a lattice constant is acjjusted still better. If the difference of the lattice constant of a buffer layer 12 and the 
lattice constant of DH structure layer 16 is made and it will be decreased in **0.5% of inside of tolerance, the quality of 
the crystal of DH structure layer 16 will improve. Since luminescence from barrier layer 16A mainly becomes interband 
transition, the spectral band width of a device becomes still narrower by the indium. Consequently, luminescence pure for 
many LED applications and more desirable will be obtained. 

[00^3] Drawing 4 is a sectional view about another example of the semi-conductor structure 10. The rearrangement 
reduction layer 18 containing a gallium nitride aluminum indium compound and a gallium nitride indium compound is 
arranged between the buffer layer 12 and DH structure layer 16. The difference of the lattice constant of a buffer layer 12 
and the lattice constant of the DH structure 16 is absorbed by the rearrangement reduction layer 18. 
[0014] The rearrangement reduction layer 18 is formed like a buffer layer 12 at the growth temperature of the range of 
400 degrees C - 950 degrees C. The rearrangement reduction layer 18 can be structurally considered as the distortion 
superstructure or linearity inclination structure which consists of alumimium nitride gallium indium compounds. 



[Translation done.] 



http://www4.ipdi.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2007/05/18 



JR08-264833,A [DESCRIPTION OF DRAWINGS] 1/1 





* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been transiated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rPrawing 1] It is drawing showing the semi-conductor structure by the advanced technology. 

[ Drawing 2] It is drawing showing another semi-conductor structure by the advanced technology. 

[Drawing 3] It is a sectional view about the example of the semi-conductor structure by this invention. 

[Drawing 4] It is a sectional view about another example of the semi-conductor structure by this invention. 

[Description of Notations] 

10 Semi-conductor Structure 

1 2 Buffer Layer 

14 Silicon on Sapphire 

16 DH Structure 

1 6A Barrier layer 

18 Rearrangement Reduction Layer 
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